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1. Introduction & Background

In NR, multiple numerolgies are supported in order to fulfill the requirements for different usage scenarios, such as URLLC, eMBB, mMTC. Different nummerologies should be able to be multiplexed in time doemain and in frequency domain for a better performance when UEs have different types of data. In 3GPP RAN1#86, it is agreed that [1]
Agreement:
· At least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform with Y greater than that of LTE (assuming Y=90% for LTE) for DL and UL, possibly with additional low PAPR/CM technique(s) (e.g., DFT-S-OFDM, etc.) 

· Y (%) = transmission bandwidth configuration / channel bandwidth * 100%

· RAN1 specification will support transmission bandwidth configuration corresponding to Y up to approximately100%

· Some evaluations in RAN1 show that Y for a NR carrier can be up to 98% of the evaluated channel bandwidths for both DL and UL without complexity and latency constraints [R1-166093]

· Note: additional pre-processing techniques on top of CP-OFDM are not precluded, e.g., OTFS

· Additional waveforms may be supported by NR for e.g. other services (e.g. mMTC) 

· It is recommended that RAN4 should target to support eNB/UE with Y significantly higher than 90% when defining the RAN4 requirements where the specification of Y should consider complexity and latency constraints 

· In-band frequency multiplexing of different numerologies is supported in NR for both DL and UL, at least from the network perspective 

· It is expected that spectrum confinement on sub-band basis is specified as requirements on 

· Transmitter side in-band emission and EVM requirements  

· Reception performance in presence of other-subband interferer

· The definition of sub-band is FFS 

· From RAN1 perspective, spectral confinement technique(s) (e.g. filtering, windowing, etc.) for a waveform at the transmitter is transparent to the receiver 

· Inform RAN4 the above agreements
· RAN1 plans to perform more evaluations on waveform and will inform RAN4 with future updates, if any
In the contribution, we discuss the multiplexing scheme and scheduling scheme for the multiplexed numerologies. And the RRM measurement for the numerology multiplexing system has also been discussed.
2. Numerology multiplexing scheme
When UEs have data for multiple types of services,   different numerologies may be deployed depending on the requirements. For example, 15KHz SCS may be used for eMBB, and 30KHz or 60KHz may be used for URLLC. If the data for eMBB and URLLC arrive in a TDM manner, the numerologies for eMBB data and URLLC data can be multiplexed in time domain. If the data for eMBB and URLLC arrive simultaneously, then the frequency domain multiplexing of the numerologies for eMBB data and URLLC data is the most efficient way to fulfill the requirements.
When the scenario changes, the system should change the numerology to adapt to the service requirements, and the UEs should be informed about the updated numerology information, e.g. SCS, CP, and bandwidth of the each numerology, etc.  The numerology information can be carried in DCI in order to enable timely scheduling. The information can also be carried in RRC if the change of numerology is semi-static. 
Frequent exchange of numerology information will increase the signaling overhead. To reduce the overhead of signaling, one option is to predefine a set of configurations, each configuration has a certain multiplexing scheme in frequency domain as shown in Figure 1. When the service requirement changes, the gNB can select a configuration that fulfills the requirement.  The gNB only needs to send the configuration index of the multiplexed numerologies to the UEs.
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Figure 1 Numerology multiplexing schemes

Proposal 1: Both time domain and frequency domain multiplexing of numerologies should be supported.

Proposal 2: UE should be explicitly informed about the numerology information.
3. Scheduling scheme
For multiplexed numerologies, if the UE can only be scheduled on one numerology subband, then it can be scheduled as in LTE. If the UE has the capability to serve on more than one numerology subband, then the scheduling information on these numerology resources should all be sent to the UE. The straightforward way is to send the scheduling information in the control channel of each numerology subband as shown in Figure 2. At different time, UE1 has different types of data, and then is scheduled on different numerology resources. When UE1 is scheduled on numerologies with SCS f2 and f3, the scheduling information for numerology f2 and f3 are sent in the control channels of these numerologies, respectively. In this case, the UE should have the capability to decode more than one control channel simultaneously.

[image: image2.emf]Subcarrier 

Spacing f

1

Subcarrier 

Spacing f

2

Subcarrier 

Spacing f

3

Control 

channel

Time

Frequencey

1 ms

UE1 on f

2

&f

3

……

UE1 on f

3

UE1 on f

1

,f

2

&f

3

UE1 on f

3

……


Figure 2 Separate control channel for each numerology subband 

Another solution is to use a shared control channel for all scheduled numerologies as shown in Figure 3. Different numerology resources share one control channel, the control channel span over the bandwidth of all scheduled numerologies. When the UE1 is scheduled on numerology with SCS f2 and f3, the bandwidth of the control channel is the sum of the bandwidth of numerology f2 and f3. When the UE1 is scheduled on numerology with SCS f1, f2 and f3, the bandwidth of the control channel becomes the sum of the bandwidth of numerology f1, f2 and f3. In this case, the load of DCI will be heavy since the scheduling information of different numerologies should all be indicated.
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Figure 3 Shared control channel for all numerologies
Proposal 3: The scheduling scheme for multiplexed numerologies should be studied.
4. RRM measurement
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Figure 4 

In legacy system, the RRM measurement configuration should include at least the measurement carrier frequency, bandwidth, etc. The SCS is 15KHz for all the eNBs. However, for NR, since the numerology of the system is no longer fixed as shown in Figure 4, the UE needs to know the numerology information in order to make the RRM measurement. The gNB needs to exchange the numerology configuration with its neighbors, e.g. SCS, CP, bandwidth. Then in the RRM measurement configuration, the numerology information should be additionally specified, such as SCS and CP. 
There are two options for RRM measurement. One option is to make only one RRM measurement for the whole bandwidth; the other option is to measure the RRM for each numerology subband. For the first option, the RRM measurement can be made on one of the multiplexed numerologies, e.g. the numerology with largest bandwidth. We can also use a RRM specified RS, which spans over the whole bandwidth with a fixed numerology. The RRM RS can be periodically configured. For the second option, in order to measure the RRM for all numerologies, we can configure a measurement object for each numerology subband, and then UE reports the measurement results respectively. Another alternative is to configure a measurement object for all numerologies. In the measurement configuration, the carrier frequency, measurement bandwidth should be specified for each numerology. After UE making the RRM measurement, the results for all numerologies will be reported together.
Proposal 4: The numerology information should be included in the RRM measurement configuration.

5. Conclusion

In this contribution, the multiplexing scheme, scheduling scheme and RRM measurement for numerology multiplexing system are discussed. And the following proposals are given: 
Proposal 1: Both time domain and frequency domain multiplexing of numerologies should be supported.

Proposal 2: UE should be explicitly informed about the numerology information.
Proposal 3: The scheduling scheme for multiplexed numerologies should be studied.
Proposal 4: The numerology information should be included in the RRM measurement configuration.
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